Many Chinese Herbal medicines (CHMs) and their components have been reported to enhance immunity. In this study, the capacity for the Chinese herbal medicine, oral administration Sijunzi Decoction (SJZD) in stimulating Newcastle disease virus(NDV) immunity in chickens was examined. Serum was sampled on days 20， 30， 40， 50 and 60 and tissues were collected on days 20, 40 and 60, respectively. The immune responses were determined by means of hemagglutination inhibition test, immunohistochemistry examination and semi-quantitative RT-PCR. The results showed that SJZD could increase the antibody titers and the area coefficient of IgA secreting cells, promote the expression of IL-2 mRNA in the whole immune period and IFN-γ mRNA was increased in the initial stage. The SJZD used was safe with no adverse effects on chicken weight or survival, providing evidence for the use of SJZD as an oral adjuvant.
Introduction
Newcastle disease (ND) is a highly contagious and widespread disease which causes severe economic losses in domestic poultry, especially in chickens (Liu et al.,2003; Sinkovics and Horvath, 2000) . Vaccination remains the most cost-effective biomedical approach for controlling the disease. Many researchers have found that oral immunization with attenuated Newcastle-disease vaccine could induce host immunity, and improve mucosal and systemic immune responses (Zuercher et al., 2006; Zhang et al., 2008; Zhang et al., 2007) . However, oral vaccination needs more and repeated antigen doses to achieve the protective immune response level, because of degradation of the antigen by gastric acid and proteases present in the gastrointestinal tract (Hoshi et al., 1998; Holmgren et al., 1992 Holmgren et al., , 2003 . Therefore, it is necessary to develop strategies to induce mucosal immune responses effectively by using a small amount of antigen. An important factor which influences the effectiveness of mucosal immunization is the nature and efficacy of the adjuvant (Hoshi et al, 1998) . A number of studies have demonstrated that the combinative application of vaccine with adjuvants or immunopotentiators could improve the efficacy of oral vaccination. Unfortunately, strong adjuvant activity is often correlated with undesirable side-effects, such as local stimulation, tissue damage and so on (Sun et al., 2009) . Therefore, it is very important to develop immunopotentiators with high efficacy, low toxicity, and extensive availability.
Many Chinese herbal medicines (CHMs) and their components have been reported to enhance immunity. Combined use of vaccines with Chinese herbal medicines is emerging as one of the innovative approaches in adjuvant development.
Particular advantages offered by herbal adjuvants in inducing cellular and humoral immunity are extremely safe, tolerable, ease to manufacture. Thus, the herbal adjuvants have enormous potentials for use in vaccinations against both pathogens and cancer (Petrovsky, 2006) .
Sijunzi decoction has been used in China since Song dynasty (960-1279 AD) as a tonic. It ranks at the first top of tonifying formulas. The formula is traditionally believed to be immunoenhancer (Zhang Ed.,1990) . There have been an increasing amount of papers on herbal immunopotentiators (Wang et al., 2006b ). In the present study, the capacity for the Chinese herbal medicine sijunzi decoction (SJZD) in stimulating immunity against Newcastle disease virus (NDV) following oral administration to chickens was examined. We investigated the adjuvant effects of the Sijunzi Decoction (SJZD) with respect to mucosal and systemic immune responses. Additionally, The dose dependent responses of immune enhancement by SJZD were also evaluated.
Materials and Methods

Preparation of sijunzi decoction(SJZD)
The formula Sijunzi decoction consists of 4 crude herbs, i.e., Panax ginseng, Poria cocos, Atractylodes macrocephala and Glycyrrhiza uralensis at a ratio of 2:2:2:1. The herbs were purchased from a local Herbal Shop Tongrentang Herbal Company Ltd(Baoding, China) and authenticated by the Hebei provincial Bureau of herbal medicine. The herbs were boiled in water 10 times the weight of the herbs for 0.5 h and then the aqueous extract separated by filtration. The remaining herbs were decocted again for another 0.5 h as in the above. The two liquid parts were mixed and heated (50-60℃) through rotary evaporation to reduce the water content, and concentrated into 1:1 concentration decoction (Lenon et al.,2007) , i.e., 1 ml of the concentrated extract was equivalent to 1g of the raw herb. Then, the herbal preparations were sterilized in sealed plastic bottles and diluted in distilled water to the low (0.125 g/ml), medium(0.25 g/ml), high(0.5 g/ml) dosages on the day of use. 18 primer, dNTPs, were products from Tiangen Biotech (Beijing, China).
Reagents
Vaccine
The attenuated Newcastle-disease vaccine virus (La Sota strain, catalog no. 080519) was offered by Ruipu Biotech (Baoding, China) and diluted with sterilized phosphate-buffered saline (PBS, pH 7.4).
Animals
One-day-old white Leghorn chickens (male), purchased from Fanzhuang Poultry Farm, were housed in wire cages (60 cm×100 cm). Chickens were fed with the commercial starter diet, provided by the feed factory of Fangtian in Baoding city.
Feed and water were supplied ad libitum. All animal experiments were performed in accordance with the guide for the Care and Use of Laboratory Animals published by the Agricultural University of Hebei.
Experimental design
One hundred and fifty chickens were randomly divided into five groups. Each chicken in herb groups A, B and C received different dosages of herbal treatments on day 12 as shown in Table 1 The chickens of all the above-mentioned groups were vaccinated again on day 35 with the same dosages and in the same manners.
Sample collection
On 
Measurement of ND Antibody
The antibody response to NDV-virus was determined by means of haemagglutination inhibition (HI). Briefly, two-fold serial dilution of serum, after inactivated at 56 °C for 30 min, were made in a 96-well, V-shaped bottom microtiter plate containing 50 μl of 0.9% NaCl in all wells and then 50μl of NDV antigen (four HA units) was added into all the wells except for the last row which served as the controls. Serum dilutions ranged from 1:2 to 1:2048. The antigen serum mixture was incubated for 10 min at 37 °C. Then 50 μl of a 1% rooster erythrocytes suspension was added to each well and re-incubated for 30min. A positive serum, a negative serum, erythrocytes, and antigens were also included as controls. The highest dilution of serum causing complete inhibition was considered the endpoint. The geometric mean titer was expressed as reciprocal log2 values of the highest dilution that displayed HI.
Immunohistochemical examination for IgA secreting cells
The fixed samples duodenum and jejunum were embedded in paraffin and serial sections of 5 μm were prepared. The sections were deparaphinized and hydrated, then the endogenous peroxidase activity was neutralized by 3% H 2 O 2 for 30 min.
The sections were treated with 5% normal goat serum in PBS for 30min to block non-specific binding and then stained with mouse anti-chicken IgA(1:200) at 4°C over night. The sections were rinsed three times with PBS for 5min each and then incubated with goat anti-mouse IgG at 37°C for 40 min. The sections were rinsed three times with PBS for 5min each, followed by incubation with S-A/HRP for 35 min at 37°C. After the sections were rinsed three times in PBS, the reactions were made visible with metal-enhanced diaminobenzidine (DAB).
Detection of Cytokine mRNA by Semi-Quantitative RT-PCR
The mRNA expression of the cytokines IL-2 and INF-γ were determined with a reverse transcriptional polymerase chain reaction (RT-PCR). The housekeeping gene, β-actin was used as an internal control. Total RNA was extracted from jejunum according to the RNA Simple Total RNA Kit's instruction and quantified by determining the optical density at 260 nm. RNA was reverse transcribed into cDNA with Oligo d(T) 18 . The RT reaction mixture contained 20 μl: 1 μl of Oligo d(T) 18 primer, 2 μl of 2.5 mM stock of dNTPs and 11.5 μl of DNAse-treated RNA in DEPC water were denatured at 70°C for 5 min and immediately chilled on ice for 3 min. The following reagents were added: 4 μl of 5x RT buffer, and 0.5 μl Ribonuclease inhibitor, 1 μl of 50 μnits /μl of TranScript RT. The contents were mixed gently and briefly centrifuged followed by incubation at 42°C for 50 min. Finally, the reaction was stopped by heating at 95 °C for 5min and all cDNA samples were stored at −80 °C prior to amplification. The resulting cDNA was subjected to polymerase chain reaction (PCR) with respective primers designed from the sequences of two cytokines. Amplification was carried out in a total volume of 25 μl containing 2 μl (10 μM) of each cytokine-specific primers (Table 2) 
Safety tests
For assessment of potential adverse effects of SJZD, the weight of ten chickens each group was monitored on days 12 and 19. Any weight change in SJZD treated chickens was compared to group control to determine whether any deviation from normal growth rates occurred during the administration of SJZD. Additionally, Survival rates were also undertaken as an indicator of herbal toxicity relative to control group. 
Statistical analysis
Results
The dynamic changes of serum antibody titer Dynamic changes of serum HI antibody titers were listed in Table 3 . In general, the antibody titers of all SJZD treated groups at each time point were higher than that of Group E. The antibody titers in group B and group C were significantly higher than those of group E (p<0.01) on days 40 and 60. Meanwhile, the average antibody titers were increased about two titers. On days 30 and 50 the antibody titers of group B and group C were significantly higher than those of group E (p<0.05). There was no significant difference in the antibody titers at most time points between group A and group E. The area coefficient changes of IgA secreting cells in duodenum, jejunum and Peyer's Patch.
In each fragment of intestine samples, IgA secreting cells were recognized as lymphocytes by their characteristic morphology: rounded, with a nucleus surrounded by a ring of yellow-brown cytoplasma. These cells were present in the lamina propria of villi in the duodenum and jejunum surrounding the glands (Figure 1 A-D) . In the duodenum, the area coefficient of IgA secreting cells of group A and group C was increased significantly than that of group E (p<0.05) on day 20 .
The area coefficients of all SJZD treated groups were increased significantly than that of group E (p<0.01) on days 40 and 60.
On day 40, the area coefficient of IgA secreting cells in the jejunum of all SJZD treated groups was increased significantly than that of group E (p<0.05). The area coefficient of IgA secreting cells in the Peyer's Patch, only higher in group A than that of group E (p<0.01) on days 40 and 60 ( Table 4 ). and group E (Figures 2 and 3 ).
Safety tests
All chickens used for testing the safety of SJZD remained clinically healthy after the administration of SJZD. There was no difference observed in the mean weights of chickens treated with SJZD, the mean weight of the high dose SJZD group being 110.6 at the beginning and 177.6 g at the end of the administration, respectively. By comparison, the mean body weight recorded for the group D was 110.3 and 176.3 g, respectively (Table 5) . Four chickens did not survive during the entire period of the experiments, equally distributed into every group except group B, giving an overall survival rate of 97.3%
( Figure 4 ). It is indicated that there was no significant SJZD treatment effect on chicken survival rate. Therefore, these results suggest it is safe to use SJZD in chickens in this study.
Discussion
The immune response to NDV has been studied extensively. A number of NDV-adjuvant preparations have been 2004). In this experiment, the anti-ND virus HI antibody titers in most treatment groups were higher than that of the control group at nearly all time points. From day 30 to day 40, the titers in each group reached higher levels. In all SJZD treated groups, the titers reached 7.8 to 8.6 log2, whereas in the control group, the titers reached 6.4 to 6.7 log2. On day 60, the titer in the control group dropped to 5.8 log2. Whereas in SJZD treated groups, the titers dropped to 6.2 and 8.1 log2. These findings indicate that at medium and high dosages SJZD could promote specific antibody production earlier and maintain it longer, and thus improve the immune effect of the vaccine. 
2004). Glycyrrhiza uralensis saponins (GLS) isolated from
Glycyrrhiza uralensis were reported to show a slight haemolytic effect and to enhance significantly the specific antibody and cellular response against OVA in mice ( Sun and Pan, 2006) . In this study, the induction of immune responses in both systemic and mucosal immunity indicates that the combination of bioactive vaccine within SJZD acts synergistically to produce an overall stimulatory effect on immune cell activation.
In conclusion, our results showed that SJZD had effects on enhancing humoral and cellular immune responses to NDV-immunized chickens. Taken together with its natural origin, without lethal toxicity to humans and animals, and longstanding use as folk medicines, SJZD may be useful as a novel mucosal adjuvant that improves the effectiveness of chicken vaccines or provides optimal protection against common infections in chickens.
